Background: The serum biochemical indexes are classic detection in clinical practice. Methods: In this study, for avoiding the risks of serious complications, high-cost in diagnosis of suspected coronary heart disease (CHD), the common biochemical indexes were detected from 68 eligible patients with suspected CHD. Treadmill exercises test (TET)-electrocardiogram (ECG) was measured during TET, and invasive examination of coronary angiography (CAG, golden standard for CHD diagnosis) was also performed. Results: For CAG, 48 patients were positive and 20 were negative; while for TET 38 were positive, 14 were inconclusive, and 16 were negative, respectively. Among these biochemical indexes, the HbA1c (%) level in CAG positive patients was much higher than that in CAG negative patients (P = 0.019). Furthermore, according to receiver operating characteristic (ROC) curve, HbA1c showed effective diagnosis for CHD and its best cutoff value was 5.85% and 29 of the patients were HbA1c positive and 30 were negative. Conclusions: It was found that HbA1c combined with TET obviously enhanced the sensitivity of examinations. All the patients who were negative in both HbA1c and TET tests turned out to be 90% CAG negative, which meant that the combination might stand invasive examination of CAG for CHD diagnosis. Further studies in multi-center investigation will be expected to validate the findings.
Introduction
CHD has a close relationship with myocardial ischemic disease that threatens patients' life. Various risk factors are associated with CHD, such as diabetes, severe hypertension and hypercholesterolemia. Diabetes is one of the major causes of CHD and nearly 70% type 2 diabetes die of cardiovascular causes, especially CHD. Moreover HbA1c was associated with a more obvious increase in diabetes [1] .
Coronary angiography (CAG) is the "gold standard" for myocardial ischemia diagnosis. However, as CAG is only cost-effectively conducted in highly suspected patients, it has the risks of serious complications and might be impossible in some common hospitals and affect the diagnosis of CHD in some patients [2] .
As the non-invasive detective way, ECG measured during TET (TET-ECG) is a more sensitive way of identifying CHD. TET can give extra load to heart so that oxygen consumption of myocardium increases, which can arouse ischemia in potential cases before inhibition of glyceryl trinitrate [3] , meanwhile ECG abnormalities can be recorded in terms of "ST-T changes" by synchronous 12-lead ECG. Another non-invasive method is blood test. The classic biochemical indexes of common detection have been used as diagnostic tools of acute myocardial infarction and other potential causes in clinical practice. But the efficient serum biochemical index combined TET to detect coronary heart disease is not found in suspected patients. So it is necessary to find effective diagnostic biochemical indexes alone or combined with TET to confirm the suspected CHD patients to promote the effective diagnosis rate.
In this study, TET results and biochemical indexes of all the 68 patients were recruited for the inconclusive TET diagnosis. For all these examinations, CAG is the "gold standard" to make a definite CHD diagnosis, and TET combined with other indexes can improve the diagnostic effect of CHD.
Materials and Methods

Patients and General Procedures
68 patients with complaints of "chest pressure, chest pain, or chest discomfort" [4] were enrolled in the First Affiliated Hospital of Jinan University (Guangzhou, China) from January 2012 to August 2014 for suspected CHD. All the patients of peripheral artery disease, renal function insufficiency, myocardial infarction and nonclinical indications for testing like post-heart transplant evaluation or participation in a research protocol were excluded before TET [5] . All the patients were confirmed diagnosis by carrying out of CAG after TET within one month. The First Affiliated Hospital of Jinan University approved this study.
Materials
Biomarker were analysed by HITACHI-7600 automatic biochemistry analyzer (HITACHI, Japan); TET was analysed by GE Cardiosoft V6.51 system (Mortara Instrument, USA); CAG was conducted by GE innova 3100 X-ray machine (General Electric Company, USA).
TET
TET adopted Bruce scheme, which the patients should reach 100% (maximal exercises) or 85% (submaximal exercise) of their maximal heart rate (220 age). After the Bruce protocol, the Duke Treadmill Score was calculated as following: exercise time (ET, min) − (5×maximal ST-segment depression [mm]) − (4 × angina index [no Angina, 0; Angina, 1; Angina as reason for stopping test 2]) [6] .
The "positive" criteria were: ECG showed upsloping ST-segment depressions ≥ 1.5 mm or downsloping or horizontal depressions ≥ 1.0 mm in at least 2 leads and last for more than 2 min, with or without concomitant typical angina symptoms; while the "negative" criteria were: objective load achieved without ST-T changes [7] .
Coronary Angiography
All 68 patients were tested CAG that Seldinger technique was adopted to puncture and a cather was carefully moved to heart before dye injecting. Stenosis or any blokages in blood flow can be highlighted by dye moving through the artery. At least a stenosis ≥ 50% in the coronary artery was defined as CHD [8] .
Data Analysis
Data were presented as mean ± SEM. For baseline characteristics of between CAG positive and negative were tested by Chi-square test. For biochemical indexes mean comparisons between TET positive and negative were tested by independent samples t-test. Receiver operating characteristic (ROC) curve was used for general evaluation of biochemical indexes. Calculation and illustration were made by software SPSS 13.0. Statistical significance was established at P < 0.05. Table 1 depicted baseline characteristics and exercise parameters of the 68 patients (Age: 59 ± 1.1 years, 66% male) who participated in CAG and TET. In comparison to the baseline characteristics and exercise parameters of the negative (−) and positive (+) CAG patients, they were considered positive as at least 50% stenosis. An analysis showed that there were higher evaluations in Duke Treadmill Score (Chi-square test, P < 0.001), Hypertenstion (Chi-square test, P = 0.034), and Diabetes (Chi-square test, P = 0.024) among them. The analysis also showed that positive CAG patients compared to negative CAG patients had higher evaluations in peak heart rate (Peak HR, bmp) (Independent t-test, P < 0.05), maximum peak heart rate achieved (MPHR achieved %) (Independent t-test, P < 0.05) and maximum RPP (Independent t-test, P < 0.05). Other baseline characteristics and exercise parameters had no significantly different between positive and negative CAG patients (P > 0.05).
Results
Baseline Characteristics and Exercise Parameters Results
Determinations and Tests of Biochemical Indexes
As shown in Table 2 , among detected serum biochemical indexes, HbA1c (glycosylated hemoglobin, %) values in CAG positive group were much higher than those in negative group, and the difference of HbA1c between positive and negative CAG had statistic significance (P = 0.041). In other words, HbA1c values were statistically different between CHD patients and non-CHD persons in TET positive group.
ROC Curve of HbA1c for CHD Diagnosis
ROC curve was often used to determine the best cutoff value for a diagnostic test. The Test Variable was defined as new variable, and the State Variable was defined as the results of "golden diagnosis", a series of sensitivity and specificity values can be calculated. The ROC curve was made with sensitivity (the true positive rate) as y-axis and 1-specificity (the false positive rate) as x-axis, to show the relationship between sensitivity and specificity. ROC curve which is shaped with convexity towards the upper-left quadrant, where the point most close to was chosen as the best cutoff value, of the reference frame was desirable [7] . On the other hand, the area under the curve (AUC) can be done to identify the ability of the test as a diagnostic tool. Then with the results of CAG as "gold standard" for CHD, there was statistic significance of HbA1c as a diagnostic biomarker for CHD [AUC = 0.718 (0.500, 0.867), P < 0.05], and we got the best cutoff value of 5.85% according to the curve (Figure 1). 
Examinations of CAG and TET
All patients were executed TET and CAG. As for CAG, "positive" was defined as existing at least a stenosis ≥ 50% in the coronary artery. In Table 3 , 48 (70.6%) were positive and 20 (29.4%) were negative. Among the 68 studied TET patients, 38 (55.9%) were positive, 14 (20.6%) were inconclusive, and 16 (23.5%) were negative. Among the 68 studied patients, 59 were detected HbA1c value, 29 (49%) were positive, 30 (51%) were negative.
Different Detections for CHD Diagnosis
Taking CAG results as gold standard for CHD diagnosis, we compared four different detections for CHD diag- nosis, which were TET alone, HbA1c alone, and the combination of these two for either serial (TET × HbA1c, both examinations positive could be presumed as positive) or parallel (TET + HbA1c, defined as either HbA1c or TET was positive) tests. For HbA1c, the best cutoff value used to estimate positive and negative patients was 5.85%. As shown in Figures 2(a)-(d) , compared with the gold standard diagnosis of CAG by ROC curve, the sensitivity values of TET alone, HbA1c alone, TET × HbA1c and TET+HbA1c were 60%, 55%, 36% and 80%, respectively; and the specificity values of them were 60%, 67%, 89% and 31%, respectively (Figure 2(e) ).
These data demonstrated that all the patients who were negative in both HbA1c and TET turned out to be CAG negative [only 2 (10%) of negative TET + HbA1c patient in CAG positive which was not shown], which meant that the combination of these two alternative non-invasive examinations could potentially represent of invasive CAG for ruling out CHD diagnosis.
Discussion
This study was about the analyses of generally acknowledged serum biochemical indexes in the suspected CHD patients. For each of them, serum assays were performed. TET which was an examination could assist CHD diagnosis and might arouse myocardial ischemia to make us study the combination TET and results of those biochemical indexes [9] . However, we did not find any significant changes among positive (+), inconclusive (±) and negative (−) TET patients. We presumed that maybe some other biochemical indexes did rise, but the single time point of blood drawing was too inappropriate to capture that. After the biochemical indexes were compared between CAG positive and CAG negative groups in positive TET (+, ±) and negative TET (−) groups, one significant difference was found: HbA1c levels in CAG positive group were higher than those in CAG negative group. In other words, HbA1c were significantly different between CHD patients and non-CHD people, which made it a potential biomarker to help diagnose in suspected CHD. ROC curve was used to testify this hypothesis, which showed that HbA1c had effective diagnosis for CHD and the best cutoff value for identifying positive or negative was 5.85%.
Thus besides CAG, we had another four detective diagnosis for CHD, which were TET, HbA1c, and combination of both as serial and parallel tests. As a result, we found that the parallel tests had higher sensitivity of CHD diagnosis (80%) than that of the TET examination (60%). This has important clinical meanings. Although CAG was a golden standard diagnosis of CHD, it was an invasive procedure. Since both TET and HbA1c are non-invasive, cheap, high sensitivities and accessible, they can be used as screen examinations in suspected CHD patients. Although the specificities of tests dropped down 29% for parallel tests, it was still acceptable fact that parallel tests were efficient methods to diagnose CHD. As long as the serious consequence of missed diagnosis for CHD, high sensitivity was more important than low specificity. However, the serial tests can be compensated for low specificity of parallel tests, for the specificity was as high as 89%.
In this study, we also found that all the persons with negative TET and HbA1c results were also 90% negative CAG, for this group of people, the non-invasive serial tests could stand CAG for ruling out CHD diagnosis, decreasing lots of unnecessary pains and risks.
To summarize, in our study, the HbA1c (%) of CHD patients were higher than those of non-CHD persons. By means of ROC curve, it was found to have diagnostic effect of CHD, and could obviously enhance the sensitivity of examinations in combination with TET as parallel tests. And because of the identical results, the latter strategy could potentially stand invasive CAG for the diagnosis of CHD. However, considering the number of patients in our study is relatively limited, and so far no other similar studies were reported, further researches and evidence are warranted to validate the findings in this paper. 
Conclusion
We found that HbA1c combined with TET obviously enhanced the sensitivity of examinations. All the patients who were negative in both HbA1c and TET tests turned out to be 90% CAG negative, which meant that the combination might stand invasive examination of CAG for CHD diagnosis. Further studies in multi-center investigation will be expected to validate the findings.
